Most patients with acute myeloid leukaemia (AML) are older, with many unsuitable for conventional chemotherapy. Lowdose Ara-C (LDAC) is superior to best supportive care but is still inadequate. The combination of arsenic trioxide (ATO) and LDAC showed promise in an unrandomised study. We report a randomised trial of LDAC versus LDAC þ ATO. Patients with AML according to WHO criteria or myelodysplastic syndrome with 410% blasts, considered as unfit for conventional chemotherapy, were randomised between subcutaneous Ara-C (20 mg b.d. for 10 days) and the same LDAC schedule with ATO (0.25 mg/kg) on days 1-5, 9 and 11, for at least four courses every 4 to 6 weeks. Overall 166 patients were entered; the trial was terminated on the advice of the DMC, as the projected benefit was not observed. Overall 14% of patients achieved complete remission (CR) and 7% CRi. Median survival was 5.5 months and 19 months for responders (CR: not reached; CRi: 14 months; non-responders: 4 months). There were no differences in response or survival between the arms. Grade 3/4 cardiac and liver toxicity, and supportive care requirements were greater in the ATO arm. This randomised comparison demonstrates that adding ATO to LDAC provides no benefit for older patients with AML.
Introduction
Acute myeloid leukaemia (AML) is a disease most frequently seen in older patients, many of whom are not considered likely to benefit from, or do not wish to receive conventional chemotherapy. 1, 2 In recent years, there has been increasing interest in developing better treatments for this patient group while recognising the limitations determined by age and comorbidity. To develop a basic 'standard of care' for such patients, we previously showed in a randomised manner that low-dose Ara-C (LDAC) could be effective in a minority of patients providing a complete remission (CR) rate of 18%, when compared with best supportive care and hydroxycarbamide to control the peripheral white count. 3 Although there was acceptable benefit for the minority who achieved CR, with a median duration of CR of 15 months, there was no apparent benefit for patients who did not achieve CR. However LDAC did not increase supportive care requirements, episodes of sepsis or hospitalisation. In that study, 24% of patients given LDAC had poor risk cytogenetics, none of whom entered CR. We concluded from that study that achievement of CR was a useful surrogate for clinical benefit. On this basis, we have developed a strategic approach to the treatment development in this population by incorporating a randomised 'pick a winner' approachFthe operational characteristics of which will be discussed elsewhereFwhereby several novel treatment options could be simultaneously compared with LDAC, and those which significantly improved the remission rate could continue to be assessed with overall survival (OS) as the principal endpoint.
A combination of LDAC and arsenic trioxide (ATO) was developed by Roboz et al. 4 for the treatment of this AML patient population and for patients with myelodysplastic syndrome, and showed an encouraging 34% rate of CR and 5-month median survival in an unrandomised phase 2 trial. This seemed to be superior to what is seen with LDAC alone, whereas ATO as a single agent was ineffective in a previous small study. 5 Although dramatically effective in pre-clinical and clinical treatment of acute promyelocytic leukaemia, there is also some preclinical evidence that AML cell lines have sensitivity to ATO. 6 For these reasons, we decided to incorporate this combination as one of the options in our 'pick a winner' design where the independent data monitoring and ethics committee's remit was to terminate the trial early, if the aspiration to improve survival by improving the remission rate to over 30% was unlikely to be achieved. To progress beyond 50 assessable patients per arm, an improvement in remission rate of at least 2.5% was required; to progress beyond 100 patients per arm, the necessary improvement was set at 7.5%.
Patients and methods

Patient population
Between May 2007 and May 2009, 166 patients entered the randomisation. There were no a priori restrictions in relation to co-morbidity, in particular, to cardiac function. The median age was 74 years, and the demographical characteristics were balanced between the arms (Table 1) . Contemporaneously, patients and investigators could have entered the intensive chemotherapy arm of the AML16 trial. The reason why they did not opt for intensive treatment and details of co-morbidity (using the Sorror index 7 components) were collected at entry. In 64% of cases, patients chose or were allocated non-intensive treatment on the grounds of age; 60% gave fitness as a reason and 15% gave other reasons (mainly co-morbidity). In 29 and 26% of cases age and fitness, respectively, were chosen as the only reasons. For patients 75 years and older, the primary reasons were age (76%), fitness (64%) and other reasons (9%), with 45% of patients specifying both age and fitness, whereas in patients o75 years the primary reasons were age (51%), fitness (56%) and other reasons (21%); here 20% of patients specified both age and fitness. The distribution of patients by the multiparameter risk score (Wheatley score 8 ) over and under 75 years was 4 versus 2% favourable: 42 versus 45% intermediate; and 55 versus 52% poor risk. This validated score predicted a 12month survival of 36, 42 and 14% for LDAC in the three risk groups. Of the co-morbidities listed, most frequent were those described as cardiac, in 25% of patients. Diagnosis and response definitions were designated by the local investigator. Cytogenetic and immunophenotypic characterisation was carried out in regional reference laboratories that participate in national quality assurance schemes. Patients were required to give written consent and the trial was approved by the Wales Research Ethics Committee.
Treatment
The treatment schedule for LDAC was 20 mgs b.i.d for 10 days (20 doses) given subcutaneously frequently at home by the patients or their carer, which was repeated after an interval of 4 to 6 weeks, with the intention to deliver four courses. For the ATO arm, the same schedule of LDAC was given. ATO was given in a dose of 0.25 mg/kg on days 1-5, 9 and 11. The aim was to deliver four courses. Patients were permitted to receive more than four courses of either treatment, if they were deriving benefit.
Toxicity
Adverse events and toxicity was recorded as defined by the NCI CTC version 3.
Definitions of endpoints
The protocol defined CR as a normocellular bone marrow aspirate containing o5% leukaemic blasts, and showing evidence of normal maturation of other marrow elements. Persistence of myelodysplastic features did not preclude the diagnosis of CR. Although not in the original protocol, in this Addition of arsenic trioxide does not improve outcome AK Burnett et al report, to achieve CR patients required neutrophil recovery to 1.0 Â 10 9 /l and platelets to 100 Â 10 9 /l, without evidence of extramedullary disease. Patients who achieved CR according to the protocol, but without recovery are denoted here as CRi.
Following the international guidelines 9 , OS is defined as the time from randomisation to death. For remitters, survival from CR is defined as the time from CR/CRi (first report) until death. Survival percentages are quoted at 1 year.
Statistical methods
All analyses are by intention-to-treat. The surviving patients were censored at 1 January 2010 with complete follow-up on all but six patients. Patients lost to follow-up are censored at the date last known to be alive. Median follow-up for survival is 19 months (longest survivor 27 months).
Categorical endpoints (eg CR rates) were compared using Mantel-Haenszel tests, giving Peto odds ratios and confidence intervals. Continuous variables were analysed by parametric (t-test) or non-parametric (Wilcoxon rank sum) tests as appropriate. Timeto-event outcomes were analysed using the log-rank test, with Kaplan-Meier survival curves. Odds/hazard ratios (OR/HR) less than one indicate benefit for investigational therapy.
In addition to overall analyses, subgroup analyses were carried out by the randomisation stratification parameters (age, performance status, white blood cell count and type of disease) and other important variables (eg, cytogenetics and other treatments randomised), with suitable tests for interaction.
Trial design
The 'pick a winner' design aims to rapidly sift new treatments based on the assumption that small to moderate differences in outcome are unlikely to be worthwhile in this patient population. Its design is effectively a special case of the 'multi arm multi stage' (MAMS) design of Royston et al. 10 Briefly, patients entering the trial are randomised between LDAC (as standard of care) and a number of experimental treatment arms. Some patients may not be eligible for certain arms of the trialFthey will only be randomised between those arms for which they are eligible. All novel treatments are compared against a standard of care (LDAC) in randomised comparisons. Under the rules of the 'pick-a-winner' design, the DMC examined data once CR information was complete for 100 patients; recruitment was not stopped in the interim. If the treatment does not look sufficiently promising, it is discarded. Only those treatments that pass the interim analyses continue to a full trial of 200 patients per arm with OS as primary endpoint.
AML16 was designed based on the need to see a doubling of remission rates from 15 to 30% in order for there to be a sufficiently large improvement in survival. The effect of different cutoffs for success at 50 and 100 patients was simulated using 150 000 simulated clinical trials of 400 patients each.To balance losing power by being too strict on one hand and continuing with worthless treatments, if too lax on the other, a trade-off between power and sample size was accepted at a 2.5% improvement in CR rate at 50 patients per arm, and a 7.5% improvement in CR rate after 100 patients per arm. This provides power to detect a doubling of remission rates of 85% at Po0.05; a worthless treatment would recruit on average 74 patients.
Results
A total of 166 patients (LDAC n ¼ 82; LDAC þ ATO n ¼ 84) were recruited from 69 centres. At this point, the independent DMC recommended closure because the necessary 2.5% improvement in ORR had not been observed on the first 100 evaluable patients.
Treatment compliance
Patients allocated to LDAC received a median of 2.5 (range 0-8) courses, and those allocated to LDAC and ATO received 2.0 (range 0-8) courses. The number of courses received for LDAC and ATO was 0
there was no statistically significant difference between groups (P ¼ 0.19 by Wilcoxon rank-sum test).
Outcome data
Overall 14% of patients achieved CR and 7% a CRi, resulting in an ORR of 21%. The median survival of the patients who responded was 19 months (CR median not reached and 14 months for CRi). Two of 32 patients with adverse cytogenetics obtained a CR, both in the LDAC alone arm. There was no significant difference between the treatment arms with respect to CR, CRi, 30 day and 8 week all cause mortality ( Table 2 ). There was a trend for poorer survival at 12 months in the LDAC þ ATO arm, which was also noted in the survival for patients who entered CR (Table 3 ; Figure 1 ). This seemed to be because of an increased risk of relapse (79 versus 37% at 12 months, P ¼ 0.02). OS at 12 months was inferior in patients whose best-recorded response was CRi compared with CR (53 versus 85%, P ¼ 0.001). When assessed within various subsets, there was no evidence of heterogeneity of response or OS ( Supplementary  Figures 1-3) .
Grades 3 and 4 cardiac and liver toxicities were significantly greater in the ATO arm, the development of which was unrelated to the pre-treatment co-morbidity (Table 2) . Requirements for supportive care were increased in the ATO arm particularly after course 2 ( Table 4) . It is not possible to say whether the excess days in hospital on the ATO arm was due to increased complexity of treatment or due to excess toxicity.
Discussion
As the majority of patients with AML are older, and are poorly represented in collaborative group trials, it is important to Abbreviations: ATO, arsenic trioxide; LDAC, low-dose Ara-C.
Addition of arsenic trioxide does not improve outcome AK Burnett et al develop treatment options beyond best supportive care. An unresolved dilemma is how to distinguish patients who are in this category rather than candidates for conventional chemotherapy. It is important first of all to distinguish between patients who are not considered fit because of some parameter of 'frailness', as opposed to patients who are unlikely to benefit because of adverse disease-related features, such as poor risk cytogenetics. Although there will inevitably be some overlap between these patient definitions, patients in this trial were not entered on the basis of cytogenetics. Scoring systems have evolved which help to characterise patients and give an indication of expected treatment outcome. 7, 8, 11 In this trial, over 50% of patients were identified as being in the poorest group based on our validated risk score, and would have had an expected 12-month survival of 14%. Contemporaneously, investigators entered patients into an intensive treatment option, of whom 38% were in the poorest risk group. The lack of benefit of adding ATO to LDAC is clear in this study, with no additional remissions or benefit in OS. Additionally, subgroup analyses identified no subgroups of patients who might derive benefit from ATO therapy. Because of the well-known dangers of subgroup analysis, these were interpreted cautiously. In our previous trial with LDAC, no patient with poor risk chromosomes entered remission and therefore did not benefit, which likely contributes to the reluctance to adopt LDAC as a standard of care in this patient group. In this trial 32 patients had poor risk cytogenetics, of whom 6% had a overall response (CR ¼ 3%: CRi ¼ 3%). Of 276 patients recruited to alI options of our 'pick a winner' programme who received LDAC during the same time period with cytogenetic information, 71 had poor risk cytogenetics of whom 14% responded. Although the outcome using LDAC remains unsatisfactory, there are no ethical concerns about its use. We previously showed that the addition of tipifarnib to LDAC did not improve outcome, 12 and additional comparisons against LDAC þ gemtuzumab ozogamicin, or versus low-dose clofarabine were recommended by the DMC for trial expansion and are nearing completion. In a subgroup analysis of the azacitidine trial involving AML patients in the 20-30% marrow blast subgroup, azacytidine resulted in a superior outcome at 2 years when compared with 'doctor's choice'; 13 however, when the options pre-specified by the investigator where compared, azacytidine was only superior to those who would have received best supportive care. The difference versus LDAC was not significant because of lack of numbers.
It is not clear why our response rates are inferior to those demonstrated in the Roboz study. There was a modest difference in the LDAC dosing. We prescribed a fixed dose of 20 mg s.c bid, compared with 10 mg/m 2 s.c. bid. But this is unlikely to have resulted in much difference in the dose received. Similarly the schedules of ATO differed only in days 8 to 12 when patients would receive 2 days at 0.25 mg/kg in our study compared with 0.25 mg/kg on days 8 to 12 inclusive in the Roboz trial. In fact because of the dose-finding part of the Roboz study, several patients received less ATO. Neither do the characteristics of the patients included in each study differ substantially nor that cannot be completely discounted.
Treatment for this patient group remains an area of significant unmet need. Several new treatments are becoming available that could be suitable, but one of the experiences, of this and other attempts is the absolute requirement that this is undertaken in a randomised manner. Abbreviations: ATO, arsenic trioxide; LDAC, low-dose Ara-C.
